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Wheat populations: population performance and stability in organic and non-organic environments
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Abstract 

Twenty winter wheat varieties were used as parents in a half diallel crossing programme for the production of wheat populations and physical mixtures that were then grown in field trials at two non-organic and two organic sites over three years in England. Yields of the populations and mixtures were compared with those of the relevant varieties grown as pure stands. In general, there was an improvement in yielding ability in the populations which was achieved while maintaining a high level of stability across environments. Potential improvements through selection or introduction of broader based populations are discussed.

Introduction 

Rapidly increasing global climate change will amplify variability in crop performance unpredictably in all types of farming. Options for dealing with such changes will be limited by the increasing costs of oil-based inputs, both fuel and chemicals. 

For these reasons, we started a programme of population breeding in wheat based on Suneson's (1956) 'evolutionary breeding' in barley (Phillips & Wolfe, 2005; see also Goldringer et al., 2006). The principle is to inter-cross in all combinations a number of varieties with different useful characteristics to generate a complex segregating population. This is then exposed to natural selection at field sites to allow adaptation. The objective is to generate a reservoir of genetic variation that can buffer the population against a wide range of environmental variation, more than would be possible in pedigree line varieties, or physical mixtures based on single genotypes. 

The programme is based on twenty parent varieties that have expressed high yield and/or quality potential over many years and large areas, or that have contributed significantly to the pedigrees of such varieties. Field trials from 2004 to 2007 generated data on the performance of the varieties, their mixtures and their populations. Here, we summarise some key points concerning the performance of the populations and mixtures; the performance of the parents is considered in a second paper (Jones et al., this Conference). 

Materials and methods 

The F2 progeny from the original crosses were divided into three groups, Yield (Y), Quality (Q) and Yield/Quality (YQ), with a further set that included hybrids with four naturally-occurring male sterile genotypes. The Yield populations were based on the nine varieties, Bezostaya, Buchan, Claire, Deben, HTL (High Tiller Line), Norman, Option, Tanker and Wembley. The Quality populations were based on the twelve varieties, Bezostaya, Cadenza, Hereward, Maris Widgeon, Mercia, Monopol, Pastiche, Renan, Renesansa, Soissons, Spark and Thatcher. The Yield/Quality populations contained the progeny from all crosses. Controls were provided by the parent varieties and by physical mixtures of the relevant parents. The variety Norman was excluded from the data because of seed stock problems.

The populations, mixtures and parents were planted in randomised block field trials in the autumn of 2004, 2005 and 2006 at four sites in England. The sites comprised two organic (Sheepdrove, Berkshire and Wakelyns, Suffolk) and two non-organic (Metfield, Suffolk and Morley, Norfolk) sites. Each subsequent season, seed was harvested from the populations and mixtures and re-sown. In addition, population samples were switched between sites each year to increase the selection on them. 

Assessments were made on a range of characters. Here, we report only on yield behaviour. 

Initial data analysis used univariate statistical methods to observe some of the patterns. Later analysis made use of the AMMI approach (Additive Main effects and Multiplicative Interactions; Ebdon and Gauch, 2002) with biplots.

Results 

Performances of the populations, without or with male sterility, and the mixtures were compared with the relevant parent varieties both for yield and yield stability (Table 1).

Table 1. Yields of the Y, Q and YQ populations, without or with male sterility, and the mixtures, relative to the appropriate parent means. Values of less than 3% above or below 100 are unlikely to be significant.

	 
	Non-Organic
	Organic

	
	Y
	Q
	YQ
	Y
	Q
	YQ

	Population
	103
	103
	101
	102
	103
	109

	Population with male sterility
	101
	99
	100
	107
	105
	104

	Mixture
	105
	104
	103
	100
	105
	105


Although the yield gains from the populations and mixtures are relatively modest for the three years, they are consistent, with the larger gains tending to occur under organic conditions, as expected. A further trend, which requires confirmation, is that under non-organic conditions, the mixtures tended to perform slightly better than the populations. This was reversed under organic conditions, with useful gains more evident from the populations. We assume that this difference under organic conditions was due to the greater genetic diversity in the populations compared with the mixtures. Under non-organic conditions, it may be that the amount of genetic variation in the populations is excessive in the sense that many genotypes fail to make a positive contribution in the controlled and more limited non-organic environment.

From the initial AMMI (Additive Main effects and Multiplicative Interactions) analyses of the yield data, it was also encouraging to find from the IPCA-1 scores, that the populations and mixtures tended to show values close to zero, indicating that the recorded yield values were stable relative to the pure line varieties. One exception was the Q set under organic conditions, in which the populations and mixture had closely similar but relatively high scores. In 5 out of 6 comparisons, the populations showed greater stability than the mixtures, as expected, with the populations without male sterility having the most consistently low scores.

Table 2.  IPCA-1 scores of the Y, Q and YQ populations, without or with male sterility, and the physical mixtures, relative to the appropriate parent means. The closer the score is to 0.0, the more stable the performance.

	 
	Non-organic
	Organic 

	
	Y
	Q
	YQ
	Y
	Q
	YQ

	Population
	0.39
	0.09
	0.02
	-0.07
	0.47
	0.04

	Population with male sterility
	0.21
	0.21
	-0.03
	-0.23
	0.4
	-0.08

	Mixture
	0.16
	-0.15
	-0.05
	0.45
	0.49
	0.5


Under non-organic conditions, the yields of the YQ populations and mixture were intermediate between those of the Y group (highest) and the Q group (lowest), as expected. Interestingly, under organic conditions, the yields of the YQ populations and mixture were equal to those of the Y group, which may have been due to greater buffering capacity in the YQ material. This was also reflected in a general tendency for the YQ group to be more stable than both the Y and Q groups. 

It had been expected that over the three years of trials (F4 - F6) there would have been a trend in population performance either in terms of yield or yield stability. From the data analysed so far, however, there is no such evidence: population advantage in yield and stability appears to be similar in each year. Some time-related trend was expected also for the mixtures since the seed for each year came from the mixture harvested at the end of the previous season, but, again, there was no obvious effect.

One important trend arose from population samples of YQ which were exchanged between sites at the end of each year. Populations were either exchanged between sites within a farming system (organic or non-organic), or between farming systems. Where the exchange involved different farming systems, there was no change in yield in either direction. However, when populations were exchanged within a system there was a trend towards increasing yield in all cases. Within non-organic systems the yield increased either from 92% to 103% of the parent mean after three years or from 100% to 107%. Within organic systems, the yield increased either from 96% to 107% of the control or from 99% to 129%. 

Discussion 

In broad terms, the trials confirmed the hypothesis that composite cross populations of a range of wheat varieties, together with mixtures of the same varieties, should perform at least as well if not better than the means of the varieties involved, grown as pure stands. In practice there was a consistent improvement in yield, particularly for populations that were exposed to more than one site within a farming system. Furthermore, the mixtures and particularly the populations were stable in performance, tracking the yields of the relevant parent means. In other words, for the risk averse farmer (and particularly the organic farmer), the use of these populations and mixtures presents a more practical and safe strategy than growing the whole range of parent varieties. Furthermore, such a strategy would be as good as growing pure stands of a more limited range of the parent varieties chosen for their higher average, but often less stable, yields.

However, this raises several questions. First, what happens if the future includes greater environmental variation? In our view, the populations would still provide the best strategy for risk avoidance, based on their inherent genetic variation and their observed performance when grown at different sites. This is confirmed from the observation that a sample of the YQ population grown in Hungary produced a low yield in that first year because the severe winter conditions killed a considerable number of plants. However, the survivors were planted again in Hungary in the following autumn and yielded significantly more than local control varieties. 

A second question relates to the detailed management of the populations. So far, they have not been subjected to any form of human selection. This will change from 2008 with a comparison of the effects of no direct selection versus hand selection against 'poor' genotypes versus mass selection against excessive height and small grains. Whether or not such 'interference' proves disadvantageous will probably depend on the severity of the applied selection rather than the particular form of selection.

A third question relates to the range of characteristics currently available in the populations. The parents used represent a wide range of successful genotypes from the Atlantic coast region of Europe. However, these genotypes gained their success over what will soon be recognised as a narrow range of environments as climate change develops. For the long term, we believe it is necessary to develop populations based on much wider genetic variation. In this context Kovacs (pers. comm.) suggests developing new lines of the parents and relatives of bread wheat which could then be inter-crossed to produce 'new' species and lines to form novel composite crosses. In our view, this approach merits serious consideration.

Conclusions 

Field trials over three years under non-organic and organic farming systems enabled comparisons to be made of the performance of composite cross populations based on inter-crosses of high yield or high quality parents, or on all parents, against the appropriate mixtures and the parents grown as pure stands. The results so far indicate a satisfactory performance of the populations in terms of both yield and yield stability. The material should now be subjected both to directed selection and to a wider range of test environments to verify their potential ability to buffer the wheat crop against large variations in the growing environment.
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